Background: Peroral endoscopic myotomy (POEM) is a novel method of treating achalasia of the esophagus. Very little data are available to guide the anesthesia providers caring for these patients. The anesthetic challenges are primarily related to the risk of pulmonary aspiration. There is also a potential risk of pneumomediastinum, pneumoperitoneum, subcutaneous, or submucosal emphysema, as a result of carbon dioxide tracking into the soft tissues surrounding the esophagus and lower esophageal sphincter. Methods: In this retrospective study, electronic charts of 24 patients who underwent POEM over 18 months were reviewed. Demographic data, fasting status, relevant aspiration risks, anesthetic technique, and postoperative care measures were extracted. Results: Fasting times for both solids and liquids were variable. None of the patients underwent preprocedural esophageal emptying. Standard induction and intubation were performed in 16, rapid sequence induction (RSI) with cricoid pressure in seven, and modified rapid sequence without application of cricoid pressure in one of the patients. One of the patients aspirated at induction, and the procedure was aborted. However, the procedure was performed successfully after a few weeks, this time a RSI with cricoid pressure was chosen. Conclusion: As there are no guidelines for the perioperative management of patients presenting for POEM presently, certain recommendations can be made. Preprocedural esophageal emptying should be considered in patients considered as high-risk, although cultural factors might preclude such an approach. Induction and intubation in a semi-reclining position might be useful. Although debatable, use of RSI with cricoid pressure should be strongly considered.
INTRODUCTION
Achalasia (Latin and Greek origin), literally translates into absence of relaxation. However, in reality, the absence of relaxation of the affected esophageal segment is not absolute. With the advent of high-resolution esophageal manometry, more accurate prediction of bolus movement and clinically relevant esophageal dysfunction has become possible. [1] Anesthesia providers have delivered perioperative care to patients presenting with achalasia over many decades for a variety of procedures. These include Heller myotomy (laparoscopic, thoracoscopic, or open), endoscopic Botox injection, and balloon dilation. Peroral endoscopic myotomy (POEM) is a relatively new procedure, with endoscopists and anesthesia providers across the world on a learning curve. [2] Although the first POEM was performed in 1980, technological advances have contributed to the recent surge in its popularity. [3] As a result, more anesthesia providers are likely to encounter these patients in their daily practice. As the experience accumulates, anesthesia providers delivering care in freestanding endoscopy centers might be called to cater to the needs of these patients. Presently, two research groups have published their anesthesia experience with POEM. [4, 5] At the hospital of the University of Pennsylvania, Philadelphia, 24 such procedures have been performed in the last 18 months. A dedicated team of anesthesiologists with extensive experience in gastroenterological endoscopy provided the anesthesia care. In addition to evaluating our experience with providing perioperative care to these patients, a systematic review on the subject is provided.
METHODS
After obtaining the approval from the institutional review board, electronic charts of 24 patients presenting for POEM between April 11, 2014, and July 30, 2015, were reviewed. All the procedures were performed by a single endoscopist. The demographics, type of anesthesia, medications administered, fasting status, American Society of Anesthesiology physical status, type of induction, airway management, anesthesia maintenance, anesthesia duration, procedure duration, and any unexpected events were noted.
RESULTS
A brief overview of the 24 patients is presented in Table 1 . The last patient developed significant aspiration during induction and, as a result, the procedure was aborted at the first attempt. It was performed successfully few weeks later with no adverse effects. However, on the second occasion, a rapid sequence induction (RSI) technique with cricoid pressure was used. In all, standard induction and intubation was performed in 16, RSI with cricoid pressure in 7, and modified rapid sequence without application of cricoid pressure in one of the patients. As can be inferred from the table, some of the patients had a history that might have necessitated RSI and intubation. There was no consistent relation between the presumed aspiration risk and the use of RSI with cricoid pressure. In our series, none of the patients had preprocedural esophageal emptying. The duration of fasting for liquids and solids was variable as detailed in Table 1 . Table 2 indicates the demographics of the 24 patients who underwent the procedure. The anesthesia maintenance included total intravenous anesthesia (TIVA) in six patients, inhalational (desflurane or sevoflurane) in 16 patients, and combined (intravenous and inhalational) in 2 patients. The patient who aspirated at first procedural attempt received TIVA. Figure 1 is a bar diagram representing the mean opioid requirements. Both fentanyl and remifentanil requirements are modest indicating relative painless nature of the procedure.
DISCUSSION
The only anesthesia-related complication in our series of 24 consecutive procedures was an aspiration in a single patient at induction. Currently, there are no guidelines regarding the airway management in patients presenting for POEM. As a matter of fact, there is almost no anesthesia literature available on the anesthetic care and practical aspects of management of POEM. Although it is crucial that aspiration needs to be avoided in all patients administered sedation or general anesthesia, it still occurs with an incidence of 3/10,000 anesthetics. [6] With very limited published data available, it is impossible to make any specific recommendations for prevention of this dreadful complication in patients presenting for POEM. The first publication concerning the anesthetic management of POEM consisted of 28 consecutive procedures. [4] In this case series, the authors had adapted preprocedural endoscopic clearance of esophageal contents using a large channel endoscope, as a means of reducing the aspiration risk. None of their patients aspirated. Some of the anesthesia providers used cricoid pressure at induction as a matter of choice. A major endoscopy center in the USA probably did not see much merit with such a practice and allowed clear fluids for at least 48 hours before the procedure. [5] In patients considered to be at higher risk of aspiration (documented by significant food retention in the esophagus in a preprocedural esophagoduodenoscopy), a longer clear fluid regime was recommended. They used RSI with cricoid pressure for intubation. There were no documented cases of pulmonary aspiration in this prospective observational study involving 52 patients.
In our series of 24 patients, there was one patient who experienced pulmonary aspiration at induction. The procedure was aborted and safely completed a few weeks later. Considering that pulmonary aspiration can have significant morbidity and definite mortality, this issue The last two procedures were performed on the same person, the first procedure was aborted due to aspiration at induction. *Inability to tolerate any regular food -1 month, **Currently has pressure and vomiting, liquids>solids, ***1-year history of progressively worsening dysphagia to liquids and solids 2/2 achalasia, with CP, regurgit with HOB elevated for 6 months, ****Dysphagia with tablets and capsules, *****Dysphagia, regurgitation, coughs at night which wakes him, no soiling of the pillow but has woken on occasion with mouth full of regurgitant, ******1 year progressive solid and liquid dysphagia with regurgitation after 50% of meals copious retained food in the esophagus, history of aspiration and 4 day hospital stay, *******Modified RSI without cricoid using rocuronium. NA=Not available from the records, R=Rocuronium, S=Succinylcholine, V=Vecuronium, NOS=Nil of significance, OSA=Obstructive sleep apnea, NPO=Nil per orally, ASA=American Society of Anesthesiology, Y=Yes applied, N=Not applied, POEM=Peroral endoscopic myotomy, RSI=Rapid sequence induction needs to be given careful consideration. In fact, many of the patients in our series had a recent history that would have rendered a RSI and intubation more appropriate. Nevertheless, use of the RSI technique was not consistent. Recent skepticism surrounding the use of RSI with cricoid pressure might have played a part in this decision. [7, 8] Based on the experience in our practice and the two publications referenced, it might be appropriate to recommend preprocedural suctioning in selected patients who can tolerate it. Ability to tolerate an awake or sedated esophagoduodenoscopy might depend on the local culture. Induction and intubation in semi-reclined position might be another option. Considering that moderate to deep sedation for endoscopy is normally administered in this position with minimal risk of aspiration, such a practice might reduce the risk of aspiration. Cricoid pressure may be administered in the same position, if deemed appropriate. Considering that the esophageal contents are unlikely to be under pressure, any risk of esophageal damage due to cricoid pressure is remote.
Upper gastrointestinal endoscopic procedures including advanced procedures are commonly performed under deep sedation without intubation. [9, 10] Most of these procedures including endoscopic retrograde pancreatography (ERCP) can be safely performed without recourse to endotracheal intubation. However, POEM is a unique procedure wherein procedural challenges are different than a standard advanced endoscopic procedure (like ERCP or endoscopic ultrasound). Other than a need to provide a still patient to the endoscopist to facilitate performance of this delicate endoscopic procedure, possibility of carbon dioxide leaking into various tissue spaces should be borne in mind. Pneumomediastinum, pneumoperitoneum, subcutaneous, and submucosal emphysema are possible. Apart from keeping a high index of suspicion, preparedness to manage such a complication is mandatory.
As reflected by the small doses of opioid used in our practice, the procedure in itself is not stimulating. As a result, adequate hypnotic effect (for example by using propofol) and analgesia with a short-acting opioid is sufficient. Postprocedure pain is usually not a factor with these procedures. Patients are generally kept overnight to monitor for any complications. As expertise is gained, such a requirement might be unnecessary on a routine basis.
Limitations
As with any retrospective study, nonavailability of complete data is a limitation. When the data are entered in the charts, the clinician is unlikely to consider the possibility of their future review for research purposes. The number of patients available for inclusion is small.
As POEM is a new endoscopic interventional procedure, worldwide experience is extremely limited.
CONCLUSIONS
In spite of the stated limitations, our retrospective analysis and the review is likely to provide much-needed safety information for anesthesiologists and gastroenterologists willing to take the challenge of performing POEM. Preprocedural esophageal emptying under sedation, although difficult to implement, should be considered. RSI and intubation with the application of cricoid pressure must be adapted in patients at risk, as judged by the history and investigations. Induction and intubation in a semi-reclined position might reduce the risk of aspiration. Use of carbon dioxide (instead of air) for is mandatory to mitigate the effects of possible pneumomediastinum, pneumoperitoneum, subcutaneous, or submucosal emphysema.
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